A discovery of the rare decay B + → π + µ + µ − is presented. This decay is observed for the first time, with 5.2 σ significance. The observation is made using pp collision data, corresponding to an integrated luminosity of 1.0 fb −1 , collected with the LHCb detector. The measured branching fraction is (2.3 ± 0.6 (stat.) ± 0.1 (syst.))×10 −8 , and the ratio of the B + → π + µ + µ − and B + → K + µ + µ − branching fractions is measured to be 0.053 ± 0.014 (stat.) ± 0.001 (syst.).
Introduction 1
The ratio of Cabibbo-Kobayshi-Maskawa matrix [1] elements |V td |/|V ts | has been measured 
is given by R = V 2 f 2 , where V = |V td |/|V ts | and f is the ratio of the relevant form factors final state particle track quality are input variables to the BDT.
97
The BDT is trained on a simulated B + → π + µ + µ − signal sample, and a background 98 sample taken from sidebands in the
spectively. The background sample consists of 20% of the candidates with
This sample is not used for any of the subsequent analysis.
102
Signal candidates are required to have a BDT output which exceeds a set value. This reduces the expected combinatorial background from 652 ± 11 to 9 ± 2 candidates in a
109
±60 MeV/c 2 window around the nominal B mass, while retaining 68% of signal events.
110
Assuming the SM branching fraction and the single event sensitivity defined in Sect. 4, decay found to give a significant peaking background in the search for
where both a π + and a π − are misidentified as muons. For
decays, the only significant peaking background is
The expected background levels from within ±50 MeV/c 2 of the nominal J/ψ mass (the J/ψ mass resolution is 14.5 MeV/c 2 ).
136
The remainder of the selection is the same as that used for The signal probability density functions (PDFs) for the
and B + → J/ψ K + decay modes are modelled with the sum of two Gaussian functions.
155
The PDFs for all of these decay modes share the same mean, widths and fraction of cut-off at a threshold mass, with the transition smeared by the experimental resolution.
164
The shape parameters are again allowed to vary independently for each distribution. for the analysis, the fit is performed in the mass range 5170
The reconstructed B + → J/ψ K + candidates are shown in the
in Fig. 2(a) The B + → π + µ + µ − branching fraction is given by
Reconstructed
where B(X), N X and X are the branching fraction, the number of events and the 216 total efficiency, respectively, for decay mode X, and α is the single event sensitiv- where the uncertainty is due to the limited sizes of the simulated samples only.
226
The ratio of B + → π + µ + µ − and B + → K + µ + µ − branching fractions is given by
where simulated events give B + →K + µ + µ − / B + →π + µ + µ − = 1.15 ± 0.01. 
232
Uncertainties in the shape parameters for the misidentified 
242
Uncertainties on the two efficiency ratios
branching fraction, and the measurement of the ratio of branching fractions R. The 245 largest systematic uncertainty on these efficiency ratios is the choice of form factors used 246 to generate the simulated events. Using an alternative set of form factors changes the 247 B + → π + µ + µ − efficiency by 3%, and this difference is taken as a systematic uncertainty.
248
For the ratio of 
250
To estimate the uncertainty arising from the PID efficiency, the ratio of corrected yields 251 between the B + → J/ψ K + and B + → J/ψ π + decay modes is measured, varying the PID 252 requirements. The largest resulting difference with respect to the nominal value is 1.1%,
253
which is taken as the systematic uncertainty.
254
The systematic uncertainty arising from the knowledge of the trigger efficiency is 
This is compatible with the SM expectation of (2.0 ± 0.2)×10 
